stabilisation.
23
Conclusion: ZnC taken alone or with colostrum increased epithelial resistance and tight 24 junction structure and may have value for athletes and preventing heat stroke in military personnel.
INTRODUCTION

28
Several stresses affect the integrity of the intestinal barrier including prolonged strenuous 29 exercise (1), heat stress (2) and drugs such as nonsteroidal anti-inflammatory agents symptoms including cramps, diarrhoea, nausea, and bleeding are commonly reported (5, 6) .
36
These symptoms are probably due to a combination of reduced splanchnic blood flow (7), 37 hormonal changes, altered gut permeability, and increased body temperature.
39
Pharmacological options to reduce these problems are limited, particularly in competitive 40 athletics. There is, therefore, interest in using natural or naturally derived products. One 41 product already commercially available is zinc carnosine (ZnC), where zinc and carnosine are 42 linked in a polymeric one-to-one ratio and is currently marketed as a zinc dietary supplement where, among other actions, it probably has a role as an antioxidant (8) . 47 We previously showed ZnC stimulates several aspects of gut mucosal integrity, including 49 stimulating cell migration and proliferation in vitro and reducing the amount of gastric and small intestinal injury caused by NSAIDs in rats and mice (9) . Furthermore, using normal 51 volunteers, we demonstrated that ZnC prevented the rise in gut permeability caused by 52 clinical doses of the NSAID indomethacin (9) . Its potential value in decreasing gut 53 permeability associated with heavy exercise and its mechanism of actions are, however, 54 unknown.
56
We now examine the effect of oral ZnC on gut permeability and exercise-induced temperature 57 rise in subjects undertaking heavy exercise and compared effects of ZnC alone with taking it 58 in combination with bovine colostrum, a rich source of growth factors and immune 59 modulators (10) . Our previous studies utilising colostrum alone showed benefit in reducing 60 exercise induced increased gut permeability in athletes, but only after prolonged (14 days) 61 administration (11) . Colostrum given alone, therefore, also provided a useful positive control.
63
To examine some of the mechanisms by which protective effects were mediated, we 
MATERIALS & METHODS
70
Chemicals were purchased from Sigma (Poole, Dorset) unless otherwise stated. protocol on day +2 and +14 ( Figure 1 and 2 ).
A) CLINICAL STUDY: EFFECT OF ZNC AND COLOSTRUM ON EXERCISE-
73
INDUCED CHANGES IN HUMAN GUT PERMEABILITY.
96
Preparation of subjects for the exercise study: Subjects completed a 24 h food diary on the 97 day before the main exercise trial in the first arm of the trial and repeated this diet in the 98 subsequent arms.. All trials were performed after an overnight fast of at least 10 h. Subjects temperature (Tcore) was recorded using an electronic data logger (Squirrel SQ2020, Grant
Instruments, Cambridge, England).
104
Subjects sat for 10 min before baseline venous blood sample (pre-exercise) was taken.
105
Subjects then ran on the treadmill, with 1% grade, for 20 min at a constant speed equivalent to 106 80% VO2max, as determined from preliminary tests. Expired gas was analyzed during 107 exercise using an online breath-by breath system (Jaeger Oxycon Pro. Hoechberg, Germany).
108
Core body temperature, heart rate, and rating of perceived exertion were recorded every 5 min 109 during the trial. After completing the run, subjects were quickly seated and a second blood baseline permeability values returned back to normal (11) .
120
Maximal oxygen uptake (VO2max) was assessed on day -5 for each arm of the study. Gut lysate levels of active caspase-3 (an effector caspase) and caspase-9 (an initiator caspase)
159
were determined using methods previously described (11), using commercial colorimetric 160 assay kits (BF3100 and BF10100, R&D Systems). In addition, Westerns were performed 161 using caspase-3 (sc-7272, Santa Cruz) and caspase-9 (sc-81589) antibodies capable of 162 detecting both pro-caspase and active caspase. Films were scanned and mean signal density of 163 each band determined using Adobe Photoshop.
165
Concentrations of the anti-apoptotic protein Bcl-2 and the pro-apoptotic protein Bax were 166 determined in the same cell lysates as used for caspase analyses, using Duoset Elisa kits
167
(DYC827B-2 and DYC820-2, respectively, R&D Systems Europe Ltd). to exercise (all p<0.01). The presence of supplements had no significant effect on results.
TJ protein and phosphorylation assessments:
198
VO2max assessments on day -5 of each arm and 80% VO2max protocol on day 2 and 14 were 199 not different between the four arms ( Table 1) . better at truncating the rise in permeability induced by exercise than using colostrum alone 215 (p<0.05) and although it had a greater reductive effect than using ZnC alone, this difference + colostrum had no significant effect on caspase expression when incubated at 37°C.
232
However, the co-presence of ZnC, colostrum or the combination all significantly reduced 233 caspase 3 and 9 expression compared to cells grown in medium alone at 39°C (all p<0.01).
234
These changes were specific as they were not seen when the capase-3 or caspase-9 inhibitor
235
were also added to the cells (Supplemental Figure 4) . 
254
Compared to giving either test compound alone, additional increases were found when ZnC
255
and colostrum were added together in cells at 39°C at both time points ( Figure 6C+D ). showed similar results (Supplemental Figure 7) . Temperature rise is a well-known trigger of apoptosis (11), and we measured active caspase-3 327 and 9 to examine potential effects of test compounds. We showed that this 2°C rise was and after various cellular stresses (19) . Increased Hsp expression may be one mechanism 334 through which thermo-tolerance occurs in animals and cells (20 We showed that the overall effect of giving bovine colostrum alone or ZnC alone were similar 1 There were no significant differences between any of the treatment arms. 2 Data shown as median and interquartile range (n=8) 3 Data analyzed by 3-way ANOVA followed by t-tests based on the group means, residual and degrees of freedom obtained from the ANOVA. Each subject took part in a double blind cross over protocol. Subjects received oral supplementation twice a day with ZnC, bovine colostrum, ZnC + bovine colostrum or placebo for 2 weeks with a 2-week washout in between study arms. The timings used to determine O2max and to undertake 80% O2max protocols, gut permeability assessments (involving 5 h urine collection) and blood samples are shown. Caco-2 cells were incubated at 37 or 39°C for 8 hours in medium alone or with ZnC, colostrum or ZnC + colostrum. Changes in apoptosis were determined using active caspase-3 (A) & 9 (B) assay kits, following changes in absorbance at 405 nM. Studies were also analysed using western analysis and showed similar results (Supplemental Figure 3) . Data expressed as mean +/-SEM (n=3). Data analysed by 3 way ANOVA followed by t-tests based on the group means, residual and degrees of freedom obtained from the ANOVA. * and ** signifies p<0.05 and p<0.01 compared to medium alone at the same temperature and timepoint, respectively. p<0.01 for all test conditions 37°C vs 39°C p<0.01, respectively compared to medium alone at the same temperature, ++ signifies p<0.01, respectively compared to ZnC alone at the same temperature. Cells were incubated in the presence of test factors for 8 h at either 37 or 39°C.
Using a combination of a clinical trial and in vitro
A) Total occludin, B) Phospho-tyrosine occludin, C) Phospho-serine occludin analysed by Elisa. Studies using Western blotting and densitometry gave similar results (Supplemental Figure 6 ). Data expressed as mean +/-SEM (n=3). Data analysed by 3 way ANOVA followed by t-tests based on the group means, residual and degrees of freedom obtained from the ANOVA. * and ** signifies p<0.05 and p<0.01, respectively compared to medium alone at the same temperature, + signifies p<0.05, respectively compared to ZnC alone at the same temperature, $ signifies p<0.05 compared to colostrum alone at the same temperature. Cells were incubated in the presence of test factors for 8 h at either 37 or 39°C.
A) Total claudin-1, B) Phospho-tyrosine claudin-1, C) Phospho-serine claudin-1 analysed by elisa. Studies using Western blotting and densitometry gave similar results (Supplemental Figure 7) . Data expressed as mean +/-SEM (n=3). Data analysed by 3 way ANOVA followed by t-tests based on the group means, residual and degrees of freedom obtained from the
